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interactionsAbstract Fitness traits of Drosophila are believed to be expressed under genetic control and the
environment. This study focuses on the interaction between the genotype (expressing high and
low ﬁtness level) of Drosophila melanogaster and the environment (diet and infection). The environ-
mental factors are supposed to modify traits such as the survival rate, development time, adult dry
weight and response to microbial infection. The results indicated that yeast species (nutrients), bac-
terial infection and the genotype of Drosophila affected the survival rates and the development time
of Drosophila. The ﬁt Drosophila produces more survivors and develops faster than the unﬁt one.
The yeast, Pichia toletana induced the highest survival and the fastest development of Drosophila,
while Metschnikowia pulcherrima induced the opposite. The origin also had an effect on the devel-
opment time; the African lines developed faster than the European ones. The yeast species and its
concentration appeared to affect the dry weight of Drosophila too. Following infection with Pseu-
domonas stutzeri, several antimicrobial peptides, such as drosomycin and metchnikowin have been
activated in Drosophila adults when they feed on less nutritive yeast (M. pulcherrima). The above
mentioned results support the capacity of genotype-by-environment interactions to shape the ﬁtness
of D. melanogaster, where the contribution of each factor may differ according to the trait observed
and the population under investigation.
ª 2015 The Egyptian German Society for Zoology. Production and hosting by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
The fruit ﬂy, Drosophila melanogaster is commonly present in
decaying fruits associated with a large amount of yeasts and
bacteria. The yeasts are proven to be essential for Drosophila
development (Begon, 1982). Drosophila and yeasts havemutual beneﬁts. As hosts, Drosophila disperse the yeasts to
new substrates and habitats, while yeasts are considered
important food and endosymbionts in various stages of
Drosophila. This mutualism has been an interesting area of
research for many years (Heed et al., 1976; Shehata et al.,
1955; Starmer et al., 1982). Coadaptation in plant-yeast-Dro-
sophila remains an interesting topic to understand the ecology
and evolution of these communities (Lachance and Starmer,
1982; Starmer and Fogleman, 1986). Life history traits, such
as the survival rate, development time and lifespan as well as
the reproductive traits (e.g. fecundity) are believed to be
affected by environmental factors. For example, life history
2 W.S. Meshrif, S.E. Elkholytraits have been reported to be affected by diet (Anagnostou
et al., 2010a). Several studies also focused on the Drosophila
life history evolution in different environmental conditions,
as the host plant, such as cacti may alter the Drosophila traits
(Hasson et al., 1995; Fanara et al., 1996). On the other hand,
an infection with Pseudomonas entomophila and Pectob-
acterium carotovorum was reported to kill the larvae and adults
of Drosophila and induces a systemic immune reaction
(Buchon et al., 2009; Vodovar et al., 2005). Drosophila was
used as a valuable model for investigating the host-pathogen
interactions (Vodovar et al., 2004). They are easy to produce
and observe, with a short life cycle, and huge genetic informa-
tion (Ashburner, 1989). Natural populations of Drosophila
have a wide genetic variation for most of their traits (Hill
and Zhang, 2009). This variation is the input of any natural
selection that favors, for example, the high level of ﬁtness over
the low one. However, under local adaptations, heterogenous
environments and genotype-by-environment interactions may
maintain a balanced genetic variation (Fanara et al., 2006;
Lazzaro et al., 2008). In genotype-by-environment interac-
tions, the genotypes may express different levels of the pheno-
type by the action of environmental factors (Reed et al., 2010).
Recently, a preliminary evidence claimed that genotype-by-
diet interactions may shape the resistance of Drosophila to bac-
terial infection (Howick and Lazzaro, 2014). The study of host
ecology coupled with the disease dynamics enable us to under-
stand the complex phenomena (Hawley and Altizer, 2011). The
current study focuses on linking the genotype of Drosophila
population and the environmental factors (e.g. diet) to shapeFigure 1 Proportional survival and development time of Drosophila
level and origin. *, ** and *** refer to the signiﬁcant difference betwe
respectively. P values are corrected according to Bonferroni upon mul
the box plots, there is no signiﬁcant difference between them (PP 0.0the life-history traits and the response to bacterial pathogen.
To elucidate the performance of different genotypes present in
a population regarding their life history traits, the use of isofe-
male lines is ideal. We hypothesized that the life history traits,
such as survival rates and development time of certain genotypes
can give different performances under heterogenous environ-
ments (diet and treatment). This may suggest the ability of
genotype-by-environment interactions to shape the ﬁtness of
Drosophila in the population. This approach can test the
phenotypic plasticity, i.e. the ability of a genotype to produce
different phenotypes in response to varying environments
(Conner and Hartl, 2004). The assessment of such parameters
may interpret how a genetic variation, the environment and
their interactions can contribute to the diversiﬁcation within a
species.
Materials and methods
Insect
Ten isofemale lines of D. melanogaster were established from
two different populations: the African one collected from
Zimbabwe (Hutter et al., 2008) and the European one collected
from Germany (Anagnostou et al., 2010a). D. melanogaster
larvae were reared on a standard medium (sugar-corn-yeast,
63 g each plus 12.5 g Agar/1 l), and then the emerged adults
of each isofemale line were diffused in cages containing
200–300 individuals supplied with enough food (a mixture of
sugar and yeast) and sterile water. Both populations weremelanogaster as functions of yeast species as a food source, ﬁtness
en or among groups when the P value is <0.05, 0.01 and 0.001,
tiple comparisons. When no (*) sign appeared on the line between
5).
Table 1 GENMOD analysis of the survival rate (A) and
development time of Drosophila melanogaster (B) inﬂuenced by
four yeast species (Y), ﬁtness level (F) and ﬂy origin (O).
Source Num DF Den DF F P
A
Y 3 218 5.43 0.0013
F 1 218 52.39 <0.0001
Y*F 3 218 0.73 0.5325
O 1 218 2.84 0.0932
Y*O 3 218 2.03 0.1101
F*O 1 218 2.79 0.0964
Y*F*O 3 218 0.91 0.4378
B
Y 3 218 31.68 <0.0001
F 1 218 4.62 0.0326
Y*F 3 218 0.26 0.8555
O 1 218 30.8 <0.0001
Y*O 3 218 23.6 <0.0001
F*O 1 218 0.86 0.3546
Y*F*O 3 218 1.14 0.333
Genotype and environment shape the ﬁtness of Drosophila melanogaster 3scanned according to their genetic variability using banana
medium supplied with one million cells of the yeast, Metsch-
nikowia pulcherrima. Two isofemale lines with the most diver-
gent characteristics (regarding survival rate and development
time) were chosen out of ten lines from each continent. They
were designed as ﬁt strains (European: E3 and African:
A229) and unﬁt strains (E14 and A145), as they producedFigure 2 Proportional survival and development time ofDrosophila m
H: high) of yeast species (M: Metschnikowia pulcherrima and P: Pichia
refer to the signiﬁcant difference between or among groups when the P
according to Bonferroni upon multiple comparisons. When no (*) sign
difference between them (PP 0.05).the highest and lowest adult emergence (see Orr, 2009) in the
two populations, in case of a signiﬁcant difference among
the isofemale lines tested (data not shown).
Microorganisms
Four yeast species, Kluyveromyces lactis (DSM 4909), M.
pulcherrima (DSM 70321), Pichia toletana (DSM 70390) and
Saccharomyces cerevisiae (DSM 70449) were used as nutritive
resources for Drosophila. They were cultured on malt extract
Agar (ME). ME plates were incubated at 25 C for 4 days.
The yeast plates were harvested with a sterile Ringer solution.
The concentration of yeast solution was spectrophotometri-
cally measured at 600 nm and the concentration was adjusted
using the spread plate method. Three bacterial pathogens: P.
carotovorum (CFBP 2141), Pseudomonas syringae (DSM
10604) and Pseudomonas stutzeri (DSM 502380) were tested
against D. melanogaster. The bacteria were cultured in LB
broth, incubated at 28 C in a rotatory incubator (200 rpm)
for 24 h.
Drosophila life-history traits
A series of experiments with different yeast species as food
sources was designed to investigate the effect of yeast species
and their concentrations on the survival rate, development
time and adult weight. D. melanogaster has been tested on
50% banana medium supplied with one million cells of the
tested yeast. Drosophila eggs were collected overnight fromelanogaster as functions of two different concentrations (L: low and
toletana) from two origins (A: Africa and E: Europe). *, ** and ***
value is <0.05, 0.01 and 0.001, respectively. P values are corrected
appeared on the line between the box plots, there is no signiﬁcant
Table 2 GENMOD analysis of the survival rate (A) and
development time of Drosophila melanogaster (B) inﬂuenced by
two yeast species (Y), two concentrations (C), ﬁtness level (F)
and ﬂy origin (O).
Source Num DF Den DF F P
A
Y 1 112 0.01 0.9421
C 1 112 1.3 0.2575
F 1 112 19.43 <0.0001
O 1 112 0.3 0.585
Y*C 1 112 6.83 0.0102
Y*F 1 112 0.67 0.4139
Y*O 1 112 7.27 0.0081
C*F 1 112 0.92 0.3399
C*O 1 112 0 0.9917
F*O 1 112 0.31 0.5777
Y*C*F 1 112 0.85 0.3585
Y*C*O 1 112 0.22 0.6374
Y*F*O 1 112 1.11 0.2942
C*F*O 1 112 0.84 0.3608
Y*C*F*O 1 112 1.99 0.1611
B
Y 1 111 8.14 0.0052
C 1 111 0.18 0.6763
F 1 111 4.28 0.0408
O 1 111 6.26 0.0138
Y*C 1 111 5.26 0.0236
Y*F 1 111 0.19 0.6609
Y*O 1 111 0.13 0.7228
C*F 1 111 1.26 0.2633
C*O 1 111 9.77 0.0023
F*O 1 111 0.06 0.804
Y*C*F 1 111 4.54 0.0353
Y*C*O 1 111 1.77 0.1862
Y*F*O 1 111 0.01 0.9276
C*F*O 1 111 0.67 0.4136
Y*C*F*O 1 111 0.28 0.5953
4 W.S. Meshrif, S.E. Elkholyadult cages onto hard-Agar media (standard medium with
double amount of Agar), and then dechorionated with 6%
sodium hypochlorite, washed and left to hatch on Nipagin–
Agar media (20 g Agar/1 l) for 18 h at 25 C (Anagnostou
et al., 2010b). One ml medium was decanted into every smallFigure 3 Dry body weight of adult males Drosophila melanogaster a
and origin. *, ** and *** refer to the signiﬁcant difference between or am
P values were corrected according to Bonferroni upon multiple compar
there is no signiﬁcant difference between them (PP 0.05).vial which was later inoculated with 50 ll Ringer solution con-
taining the speciﬁed concentration of yeast. The vials were
incubated at 25 C overnight. After hatching, 10 late 1st instar
larvae were transferred into each vial and let to develop until
complete emergence. Sixteen replicas were used as a start in
the survival rates and development time traits.
Weight of adults
Another experiment of life-history traits was conducted to
study the effect of the yeast species, P. toletana and M. pulch-
errima and their concentrations on the survival rate, develop-
ment time and weight of adults. Two concentrations, one
low (1 · 106) and one high (27 · 106) cells/vial were inoculated
in a volume of 50 ll Ringer solution. The weights of ﬁve adult
males per determination (10 replicas) were recorded a week
after the emergence.
Infection experiment
The bacterial organisms, P. carotovorum, P. syringae and P.
stutzeri were tested as pathogens for the larvae of D. mela-
nogaster. The bacterial solution (OD600 = 10) was inocu-
lated into the vials 24 h before transferring the 1st instar
larvae. The survival rate and development time were
observed one week later and until the emergence of the last
adult. Control media were inoculated with only 50 ll Ringer
solution.
To determine if the pathogen concentration may affect the
Drosophila life history traits, four concentrations (OD600 =
10, 20, 30 and 40) of P. stutzeri were added to the standard
medium. The survival rate and development time were
observed until the last adult emerged, as previously mentioned.
GFP experiment
Three transgenic Drosophila lines expressing green ﬂuorescent
protein (GFP) under the control of drosomycin (D1), drosocin
(D3) and metchnikowin (D5) were used to study the effect of
yeast species and bacterial infection to induce antimicrobial
peptides. In this experiment, 50 ll of the yeasts and 25 ll of
the bacterium (OD600 = 20) were added to the banana media.s a function of two yeast species, their concentrations, ﬁtness level
ong groups when the P value is <0.05, 0.01 and 0.001, respectively.
isons. When no (*) sign appeared on the line between the box plots,
Table 3 GENMOD analysis of the dry body weight of adult
males Drosophila melanogaster inﬂuenced by two yeast species
(Y), two concentrations (C), ﬁtness level (F) and ﬂy origin (O).
Source Num DF Den DF F P
Y 1 64 8.61 0.0046
C 1 64 11.87 0.001
Y*C 1 64 2.87 0.0954
F 1 64 0.3 0.5889
Y*F 1 64 0.06 0.8104
C*F 1 64 0.44 0.5093
Y*C*F 1 64 6.28 0.0147
O 1 64 1.08 0.3037
Y*O 1 64 0.38 0.5373
C*O 1 64 0.04 0.8502
Y*C*O 1 64 0.39 0.536
F*O 1 64 1.08 0.3037
Y*F*O 1 64 0.38 0.5373
C*F*O 1 64 0.04 0.8502
Y*C*F*O 1 64 0.39 0.536
Genotype and environment shape the ﬁtness of Drosophila melanogaster 5Adults were examined one week after emergence. Photos were
taken using standard ﬂuorescence microscopy (Olympus)
equipped with a camera.
Statistical analysis
The effects of ﬁtness level, food type, concentration, treat-
ment, ﬂy origin and their interactions were tested on the sur-
vival rate, development time and weight of D. melanogaster
using the generalized linear model, GENMOD (SAS, v. 9;
SAS Institute, Inc, USA). When involved, bacterial concen-
tration was speciﬁed as a covariate. For survival rate,
binomial distribution and logit link function were used,
whereas, for development time, gamma distribution and log
link function were chosen. For weight, normal distribution
and identity link function were chosen. Post-hoc analysis
was investigated in the cases of signiﬁcant differences using
multiple comparisons adjusted with Bonferroni correction.
Regression analysis was tested for the survival rate and devel-
opment time in response to the concentrations of bacterium,
P. stutzeri.Figure 4 Proportional survival and development time of Drosophil
pathogens, host ﬁtness and origin. *, ** and *** refer to the signiﬁcant di
and 0.001, respectively. P values are corrected according to Bonferroni
between the box plots, there is no signiﬁcant difference between themResults
The results in Fig. 1 and Table 1 demonstrated that the yeast
species and the ﬁtness level of Drosophila inﬂuenced the sur-
vival rate and development time. The ﬁt lines produced more
survivors and developed faster than the unﬁt ones (Fig. 6A,
B). As shown, P. toletana induced also the highest survival rate
and fastest development of Drosophila, while M. pulcherrima
induced the opposite. The development time of the ﬂies
appeared to be more sensitive than the survival rate to the type
of food (yeast) (Fig. 6C). In addition, the origin of Drosophila,
only inﬂuenced the development time, showing that the
African lines developed faster than the European lines
(Fig. 1). The interaction between the yeast and origin inﬂu-
enced the development time (Table 1). By dissecting each
explanatory factor, the statistics provided evidences that the
ﬁt lines did not show any signiﬁcant survival difference due
to the yeast species (F3,114 = 1.43, P= 0.2382).
To understand how the concentration of the yeast may
affect life-history traits, two concentrations of Metschnikowia
and Pichia were used as explanatory variables of survival rate
and development time. The results indicated that the concen-
tration alone did not inﬂuence the survival rate and develop-
ment time (Fig. 2, Table 2). However, the interactions of
yeasts and their concentrations inﬂuenced the survival rate of
Drosophila. Additionally, the interactions of yeast concentra-
tion*ﬂy origin and yeast*concentration*ﬁtness level inﬂuenced
the development time of Drosophila (Table 2). In depth analy-
sis, the statistics deduced that the concentration of yeast only
inﬂuence the survival rate in M. pulcherrima (F1,56 = 7.38,
P= 0.0087) and the development time when the lines in the
same locality were compared (i.e. within Africa or Europe)
(F1,55 = 4.9, P= 0.031; F1,56 = 5.02, P= 0.029) (Fig. 2).
On the other hand, the dry weight of Drosophila males
(Fig. 3) appeared to be inﬂuenced only by yeast species, their
concentrations and the interaction between yeast, concentra-
tion and ﬁtness level (Table 3). So, the high concentration of
a given yeast type increased the dry weight of male Drosophila
(Fig. 6D). By dissecting each variable, the statistics demon-
strated that at low concentration, the yeast type differently
inﬂuences (F1,32 = 11.21, P= 0. 0021) the weight of Drosoph-
ila. Moreover, the yeast species did not affect the weight ofa melanogaster as functions of treatment with different bacterial
fference between or among groups when the P value is <0.05, 0.01
upon multiple comparisons. When no (*) sign appeared on the line
(PP 0.05).
Table 5 GENMOD analysis of the survival rate (A) and
development time (B) of Drosophila melanogaster inﬂuenced by
four different treatment concentrations of Pseudomonas stutzeri
(C), ﬁtness level (F) and ﬂy origin (O).
Source Num DF Den DF F P
A
C 1 190 28.16 <0.0001
F 1 190 4.11 0.0439
C*F 1 190 1.05 0.3077
O 1 190 6.86 0.0095
C*O 1 190 0.62 0.4318
F*O 1 190 0.19 0.6675
C*F*O 1 190 0 0.9663
B
C 1 180 8 0.0052
F 1 180 4.41 0.0372
C*F 1 180 14.26 0.0002
O 1 180 5.83 0.0167
C*O 1 180 0.04 0.8402
F*O 1 180 0.86 0.356
C*F*O 1 180 0.18 0.6723
Table 4 GENMOD analysis of the survival rate (A) and
development time (B) of Drosophila melanogaster inﬂuenced by
three bacterial treatments (T), ﬁtness level (F) and ﬂy origin
(O).
Source Num DF Den DF F P
A
T 3 231 8.73 <0.0001
F 1 231 7.28 0.0075
T*F 3 231 0.61 0.6117
O 1 231 0.34 0.5615
T*O 3 231 0.28 0.8364
F*O 1 231 1.41 0.236
T*F*O 3 231 1.77 0.1535
B
T 3 226 6.34 0.0004
F 1 226 3.32 0.0696
T*F 3 226 1.64 0.1817
O 1 226 2.53 0.1128
T*O 3 226 3.4 0.0186
F*O 1 226 1.32 0.2523
T*F*O 3 226 0.18 0.9089
6 W.S. Meshrif, S.E. ElkholyEuropean lines, when compared with each other (F1,32 = 2.93,
P= 0.0967).
To choose a potential bacterial pathogen for Drosophila lar-
vae, three bacteria, P. carotovorum, P. stutzeri and P. syringae
were tested along with the control (Fig. 4). Statistical analysis
showed signiﬁcant effects of the treatment on the survival rate
and so was the development time (Table 4). The effect of treat-
ment on the survival rate was clear in all groups (Table 4), and
subgroups such as the ﬁt or unﬁt lines and the African or
European lines. The interaction between the treatment and
the ﬂy origin appeared to affect the development time of
Drosophila (Table 4). Planned comparison between the control
and every treated group indicated that the survival of ﬂies
decreased due to the treatment with P. carotovorum and
P. stutzeri (Fig. 4).
The results of Fig. 5 and Table 5 showed how the concen-
trations of a potential bacterial pathogen, P. stutzeri could sig-
niﬁcantly change the survival rate (F1,190 = 28.16, P< 0.0001)
and development time (F1,180 = 8, P= 0.0052) of the ﬂy. In
regression analysis, it was clear that the increase of the patho-
gen concentration was inversely proportional (Estimate =Figure 5 Regression of the survival rate and development time of D
n= 16–20 per data point.0.01023, P< 0.0001) to the survival rate, but directly
proportional (Estimate = 0.01863, P= 0.0194) to the
development time of Drosophila. This phenomenon was also
recorded in all subgroups, i.e. the ﬁt, unﬁt, African and Euro-
pean lines. Peculiarly, the regression of the development time
over the concentration of P. stutzeri was only observed in
the unﬁt line (subgroup). The statistical analysis indicated that
ﬁtness and origin inﬂuence the survival rates and development
time of the ﬂy. Moreover, the development time appeared to be
inﬂuenced too by the interaction of the bacterial concentration
and ﬁtness level (Table 5).
Following bacterial infection, the Drosophila that express
GFP for the antimicrobial peptides demonstrated an activa-
tion of drosomycin in the spiracles and maxillary palps of
adults (Fig. 7A and B), whereas, Metchnikowin was observed
to be activated in the labellum (Fig. 7C).
Discussion
This study focuses on the effect of the genetic background
(genotype) and the environmental impact (diet and infection)rosophila melanogaster over Pseudomonas stutzeri concentrations.
Genotype and environment shape the ﬁtness of Drosophila melanogaster 7on the Drosophila life-history traits. We used herein, two sets
of 10 isofemale lines that represent different ﬁtness degrees
corresponding to the population of central Africa and north-
ern Europe. Four yeast species known to be associated with
D. melanogaster lifecycle (Lachanse et al., 1995), are used
as food sources. Infection was generated in the Drosophila
larvae and adults using three bacterial pathogens. The preli-
minary results of screening the adult emergence and develop-
ment times among isofemale lines within each population
revealed a high degree of diversity (unpublished data). This
diversity might reﬂect genetic differences as previously
observed in the encapsulation ability of Drosophila against
the parasitoid, Asobara tabida (Meshrif, 2013). The results
indicated that the yeast species (nutrients) and ﬁtness level
of Drosophila were able to affect the survival and develop-
ment time of D. melanogaster. The ﬁt lines produced more
survivors and developed faster than the unﬁt ones. P. toletana
was the most supportive for survival and development of
Drosophila. The origin of the lines had also an effect on the
development time; the African lines developed faster than the
European ones. The development time was more sensitive toFigure 6 Mean plots of survival rate (SR) (A), development time (DT
the interactions of the explanatory variables (ﬁtness, origin, yeast
Metschnikowia pulcherrima; P. t.: Pichia toletana and S. c.: Saccharomthe food than to the ﬁtness level. These results imply local
adaptation in either habitat. A supportive hypothesis stated
that D. melanogaster merely originated in Africa and colo-
nized Eurasia only 10–15 thousand years ago, where it under-
went many local adaptations (David and Capy, 1988;
Lachaise et al., 1988). These adaptations may depend on
the number of colonizers, their phenotypes and on different
environmental factors (Burgess and Marshall, 2011; Harr
et al., 2002).
The concentrations ofM. pulcherrima, which were designed
as low nutritive yeast, were critical for the survival, when we
compared ﬁt and unﬁt lines. The yeast species and concentra-
tion appeared to affect the dry weight of the Drosophila too,
the higher the concentrations of the food source (yeast), the
heavier the adults. Similar results were reported by Simmons
and Bradley (1997). At a low concentration of yeasts, the yeast
species has a major effect on the body weight of the adult Dro-
sophila. These data can be interpreted as different species of
yeasts have different nutritional effects (Anagnostou et al.,
2010a; Ganter, 2006). Moreover, the weights of the Drosophila
which originated in Europe were not signiﬁcantly different.) (B, C) and adult weight (D) of Drosophila melanogaster indicating
and their concentrations). K. l.: Kluyveromyces lactis; M. p.:
yces cerevisiae.
Figure 7 GFP expression pattern of drosomycin and metch-
nikowin in the adults of Drosophila melanogaster. Drosomycin
appeared in the fatbody and spiracles (A) and maxillary palps (B)
of infected adults developed on Metschnikowia pulcherrima.
Metchnikowin appears in the adult labellum after infection with
Pseudomonas stutzeri and feeding on Metschnikowia pulcherrima.
8 W.S. Meshrif, S.E. ElkholyThis observation lies on the same line with the previous theory
of Burgess and Marshall (2011).
Although the larvae of D. melanogaster are very resistant to
most microorganisms in their habitats, the results indicated
that P. carotovorum and P. stutzeri are efﬁcient to decrease
their survival signiﬁcantly. The survival of the Drosophila
following infection with P. stutzeri was genotype and origin
dependent. In the ﬁt lines, the concentration of the yeast (foodsource) was not critical, but the unﬁt lines appeared to produce
fewer survivors at low yeast concentrations. Following infect-
ing Drosophila with P. stutzeri, several microbial peptides such
as drosomycins and metchnikowins have been activated in the
fat bodies and spiracles, maxillary palps and labellum as an
indicator on stress, specially when feeding on less nutritive
yeast (M. pulcherrima). These could be also classiﬁed as non-
speciﬁc immune response (Ferrandon et al., 1998; Hoffmann,
2003) due to the interaction between the ﬂy’s microbiota and
the invaders.
The above-mentioned data suggested that the life history
traits, such as the survival, development time and adult
weight are not only affected by the genotype (genetic make
up that expresses a speciﬁc ﬁtness level) or environment (diet
and infection) alone, but also by their interactions, what is
called genotype-by-environment interactions. The contribu-
tion of each factor (genotype and environment) in the inter-
action appeared to be different based on the observed trait.
For example, the concentration of the yeast species affected
the adult weights, but not the survival and the development
time. Fanara et al. (2006) suggested that there is a relative
importance of the factors involved in the genotype-by-envi-
ronment interaction between traits and populations. These
differences in interactions among traits and population
may constitute the main evolutionary force for species
diversity.
It was clear that the genotype (ﬁtness level) and the envi-
ronment (yeast species or infection) profoundly affected the
Drosophila life history traits. In genotype-by-environment
interactions, the contribution of each factor may differ accord-
ing to the trait observed and the population under investiga-
tion. As the life history traits lie central of an organism’s
ﬁtness, we can conclude that genotype-by-environment inter-
actions shape the ﬁtness of D. melanogaster. This study sheds
light on the genotype-by-environment interactions of several
traits of Drosophila ﬁtness and call for future studies to under-
stand how genotype-by-environment interactions can maintain
the Drosophila diversity.References
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